Japanese cats were examined for feline coronavirus (FCoV) antibodies. The seroprevalence of purebreds (66.7%) was higher than that of random breds (31.2%). Seroprevalence increased greatly in purebreds by three months of age, while it did not fluctuate greatly in random breds with aging, indicating that cattery environments can contribute to FCoV epidemics. Purebreds from northern regions of Japan were likely to be seropositive (76.6% in Hokkaido, 80.0% in Tohoku), indicating cattery cats in cold climates might be more closely confined. Among purebreds, the American shorthair, Himalayan, Oriental, Persian, and Siamese showed low seroprevalence, while the American curl, Maine coon, Norwegian forest cat, ragdoll and Scottish fold showed high seroprevalence.
Feline coronavirus (FCoV) is a positive stranded RNA virus that has been classified as a Group 1 coronavirus along with canine coronavirus, transmissible gastroenteritis virus and human coronavirus 229E and infects domestic cats and wild felids. It is shed in feces by healthy cats, is transmitted by the fecal-oral route and causes mild to inapparent enteritis [7] . FCoV is of little clinical significance except when it undergoes a mutation that can lead to a highly fatal and currently untreatable systemic disease known as feline infectious peritonitis (FIP) [7] . Therefore, the incidence of FIP is directly related to the prevalence of FCoV infection in any given environment or geographic region. Studies on the prevalence of FCoV infection in Japan have been limited, and have not taken into consideration important variables such as breed, age, and environment [7, 15] . To the best of our knowledge, no studies have been done in Japan regarding FCoV prevalence that have included a large-scale analysis of these variables. To this end, the present study analyzed FCoV seroprevalence among over 17,000 cats of various breeds, ages, genders and geographic origins across Japan.
Sera obtained from 17,392 one-month-to 20-year-old domestic cats brought to veterinary clinics for health checkups throughout Japan from January 2001 to August 2010 were examined for FCoV antibodies. Retest results from the same cats were excluded.
The antibody against FCoV was examined by a modification of the methods reported by Ishida et al. [9] and Kai et al. [11] . In brief, 1.2 × 10 4 Crandell-Reese feline kidney cells/well were added to 96-well tissue culture plates and grown overnight at 37°C. Each well was inoculated with 10 TCID 50 of an FIP virus (FIPV) that was isolated from ascites of a random bred cat with effusive FIP in Kanagawa, Japan, in 1996 [3] . This strain of FIPV was identified as FCoV type II using an anti-FCoV type II-specific cat polyclonal antibody (VMRD, Pullman, WA, U.S.A.) and a nested RT-PCR reported by Addie et al. [2] . Following 24 hr incubation, cultured cells were fixed in the plate with methanol, washed with distilled water, dried and stored at −20°C until used. Serum samples to be tested were diluted 1:200 with phosphate buffered saline solution with Tween 20 (PbST) (pH 7.0), and then 50 µl of the diluted sample was added to each well. Following one hr incubation at 37°C, the plate was washed three times with PbST, and then 50 µl of peroxidase-conjugated goat anti-cat IgG (H+L) (Jackson ImmunoResearch Laboratories, West Grove, PA, U.S.A.) diluted 1:1,500 with PbST containing 1% bovine serum albumin, was added to each well of the plate. After one hr incubation at 37°C, the plate was washed three times with PbST, and then 100 µl of the substrate solution [0.0025% dianisidine, 0.01% H 2 O 2 and 10 mM Tris-HCl (pH 7.4)] was added to each well. After 30 min incubation at 37°C, the plate was washed with distilled water and then observed microscopically. Positive reactions judged as multiple brown-colored foci were observed.
Previous studies [10, 11] have shown that cats experimentally infected with FIPV or feline enteric coronavirus acquired an antibody titer of 1:200 or greater using a procedure similar to the present method. Therefore, an antibody titer of 1:200 or greater was considered to be seropositive in this study. However, this method cannot discriminate between maternal and active antibodies.
The significance of seroprevalence data was analyzed by Of the 17,392 cats in this study, 6,433 (37.0%) were seropositive for FCoV. The seroprevalences for purebred and random bred cats were 66.7% (1,878 of 2,815) and 31.2% (4,555 of 14,577), respectively, and were significantly different (P<0.0001, χ 2 =1273.3). No significant differences in seroprevalence were observed between males (purebred 66.3%, 1,015 of 1,530; random bred 31.2%, 2,317 of 7,430) and females (purebred 69.4%, 892 of 1,285; random bred 30.9%, 2,209 of 7,147). Furthermore, there was also no significant difference in seroprevalence on a year to year basis (data not shown).
As shown in Fig. 1 , seroprevalence among purebred cats in the northern regions of Japan (Hokkaido and Tohoku) was significantly higher (76.6%, P=0.0321, χ 2 =4.6, and 80.0% P=0.0477, χ 2 =3.9, respectively) than the average for purebred cats across Japan (66.7%). Among random bred cats, seroprevalence was significantly higher in the Kinki region (P=0.0004, χ 2 =12.3) than the average among random bred cats across Japan (30.6%), while those in Chugoku, Hokuriku, Kanto and Shinetsu regions were significantly lower than the average (P<0.0001, χ 2 =31.0; P=0.0142, χ 2 =6.0; P=0.0083, χ 2 =7.0; and P<0.0001, χ 2 =66.6, respectively).
Seroprevalence among purebred cats progressively increased to 80% at 3 months of age and remained at this level until 2 years of age ( Figs. 2 and 3 ). It declined thereafter and reached nearly the same level as for random breds at around 11 years of age (Fig. 3) . by contrast, seroprevalence among random bred cats remained at around 30%, a pattern quite different from that of the purebred cats.
Seroprevalence was also compared among various breeds of purebred cats. As shown in Table 1 , the American curl, Maine coon, Norwegian forest cat, ragdoll and Scottish fold breeds showed high seroprevalence, whereas the American shorthair, Himalayan, Oriental, Persian and Siamese breeds showed low seroprevalence.
The present results obtained from an FCoV antibody test conducted with over 17,000 domestic cats from across Japan show in detail the prevalence of FCoV infection in Japan, which has not previously been fully understood. No difference in seroprevalence was observed between males and females, similar to previous studies [4, 8] . This finding supports the ease by which FCoV is transmitted among cats [7, 13] .
It has been reported that maternal antibodies can be detected by 10 weeks of age [6] , yet the present method cannot discriminate between maternal and active antibodies.
However, the influence of maternal antibodies on the present analysis would be negligible, since the seroprevalence at 1-2 months of age, which is when maternal antibodies may be detected [1, 13] , was extremely low compared with that at 3-11 months of age. A markedly higher seroprevalence was observed in purebred cats compared with random bred cats. Studies in other parts of the world have also shown that the FCoV infection rate was higher in purebred cats than in random bred cats [8] . This discrepancy would be attributed to the following things. It has been reported that most kittens The breeds that consisted of fewer than 30 cats were classified together into others. Each breed was compared with the average for the purebred cats (66.7%) by chi-square test.
in catteries become infected at around 6 to 10 weeks of age [1, 13] . A similar trend was seen among purebred cats in the present study, with seroprevalence progressively rising during this same age period. Juvenile purebred cats are reared mainly in multi-cat environments, such as breeding catteries and pet shops. These types of environments contribute to FCoV exposure in Japan in the same manner as in other countries [7, 15] . The present finding that the seroprevalence of purebred cats declined from 2 to 11 years of age shows that only a small number of adult purebred cats would be reinfected after elimination of the carrier status. Furthermore, the seroprevalence of random bred cats, which are unlikely to be kept in catteries, was approximately constant at around 30%. The above findings indicate that household cats would be at extremely low risk of FCoV infection, as previously noted [15] .
It was noteworthy that FCoV exposure among purebred cats was greater in northern climates, where cattery cats are more closely confined due to colder weather. Unlike purebred cats, no uneven distribution of low or high seroprevalence was observed among random bred cats, although significantly higher prevalence was observed in the Kinki region and significantly lower prevalence was observed in Chugoku, Hokuriku, Kanto and Shinetsu regions.
Similar to the previous studies in Australia [4, 5] , the Siamese and Persian breeds showed significantly low seroprevalence in the present study. These are "classic breeds" that have been in existence for more than a century after establishment as pedigree breeds. On the other hand, most of the breeds that showed high seroprevalences in the present study, and cats that demonstrated a high frequency of FCoV antibody production and FIP manifestation in previous studies were found to be purebreds recently [4, 5, 12, 14] . Unlike the Siamese and Persian, for maintaining pure lines of these breeds frequent movements of breeding cats between breeding catteries and inbreeding are more likely, which might affect the FCoV endemic and resistance to FIP.
From above findings, nationwide virological studies in multi-cat environments such as rescue catteries, breeding catteries and pet shops are necessary to find some methods for prevention of FCoV infections in Japan. In addition, the source of breeding cats should also be verified in the future.
